Specifications tableSubjectEngineeringSpecific subject areaEnvironmental Engineering, Civil and Structural EngineeringType of dataTableHow data were acquiredInstruments:\
Atomic Absorption Spectrometer (SHIMADZU, AA-6800).Data formatRaw dataParameters for data collectionConcentration of heavy metals such as lead (Pb), zinc (Zn), copper (Cu) and arsenic (As) (mg/L)Description of data collectionThe coal ash samples namely fly and bottom ashes were collected from Malaysian coal-fired power station. Fly ash is fine ash particles collected from electrostatic precipitators or filter fabric baghouses. Meanwhile, bottom ash is coarse, granular particles collected from the furnaces bottom.Data source locationInstitution: Department of Civil Engineering, Universiti Tenaga Nasional\
City/Town/Region: Jalan Ikram-Uniten, 43000 Kajang, Selangor Darul Ehsan\
Country: Peninsular Malaysia\
Latitude and longitude (and GPS coordinates) for collected samples/data: Jimah coal-fired power station, Port Dickson, Negeri Sembilan, Peninsular Malaysia (2°35′40.0\"N 101°43′24.5\"E).Data accessibilityData is provided in the article.

Value of the data {#sec0001a}
=================

•The data can be used by civil engineers as reference for the application of concrete mix design containing coal ash in construction industries.•The leaching properties data will benefit scientific community and public authority on hazardous waste management like coal ashes via a strict monitoring and legislated guidelines.•The data will give an additional value for further spatial temporal studies on leaching properties of heavy metals infused in concrete mixed designs before application in the construction industries to prevent any environmental impact from the use of CCPs.

1. Data description {#sec0001}
===================

Coal fired power plant generates mass production of coal combustion by-products such as fly (FA) and bottom (BA) ashes [@bib0001]. The leaching of heavy metals fluxes may contribute to adverse environmental and health impacts due to bioaccumulation in soft tissues, toxic at certain level of concentration and period of exposure \[[@bib0002], [@bib0003], [@bib0004]--[@bib0005]\]. Therefore, the dataset presented leaching properties of four heavy metals namely lead (Pb), zinc (Zn), copper (Cu) and arsenic (As) in coal ashes.

The permissible limit of heavy metals for leaching test is categorized as hazardous waste criteria (mg/L) and hazardous waste limit (mg/L) [@bib0006]. Hazardous waste criteria^a^ refers (mg/L) to limits that are allowed in solid waste or soil for disposal in a landfill (i.e. Pb: 100.0 mg/L, and; As: 100 mg/L). The hazardous waste limits^b^ (mg/L) are the limits allowed to leach out of soil or solid waste in a landfill (i.e. Pb: 5.0 mg/L, and; As: 5.0 mg/L). However, limits for Zn and Cu are not available. Therefore, limits for industrial effluents regulations [@bib0007] and national standards for drinking water quality by Malaysia government [@bib0008] are included in this study. The limits for industrial effluent are Standard A (Pb: 0.1 mg/L; Zn: 1.0 mg/L; Cu: 0.2 mg/L and; As: 0.05 mg/L) and Standard B (Pb: 0.5 mg/L; Zn: 1.0 mg/L; Cu: 1.0 mg/L and; As: 0.01 mg/L) [@bib0007]. The concentration of heavy metals leached from coal ashes (FA, BA, and FA+BA) after the acidic leaching tests along with standards for hazardous waste are shown in [Table 1](#tbl0001){ref-type="table"}respectively.Table 1Comparison of the leaching test values with aqueous concentration threshold by USEPA and the Malaysian industrial effluent regulations: a. Lead (Pb), (b) Zinc (Zn), (c) Copper (Cu) and (d) Arsenic (As).Table 1Heavy metals in fly ash (FA), bottom ash (BA)PbZnCuAsConcentration of heavy metals (mg/L)The toxicity characteristic leaching procedure (TCLP)FA0.902 ± 0.010.216 ± 0.010.028 ± 0.0015.117 ± 0.23BA0.673 ± 0.010.149 ± 0.000.027 ± 0.0014.655 ± 0.29FA + BA1.026 ± 0.010.196 ± 0.020.033 ± 0.0018.546 ± 0.03The synthetic precipitation leaching procedure (SPLP)FA0.908 ± 0.000.219 ± 0.000.030 ± 0.0015.227 ± 0.11BA0.683 ± 0.010.151 ± 0.000.028 ± 0.0014.636 ± 0.07FA + BA1.012 ± 0.010.189 ± 0.030.033 ± 0.0018.605 ± 0.17Permissible limit for metalsHazardous waste screening criteria^a^ (mg/L)100.0NoneNone100.0Hazardous waste limit^b^ (mg/L)5.0NoneNone5.0Limits for Sewage and industrial effluents^c^Standard A0.11.00.20.05Standard B0.51.01.00.1National standards for drinking water quality (mg/L)^d^0.053.01.00.01DescriptionsIn compliance with permissible limits for metals^ab^In compliance with limit for sewage and industrial effluent^c^ and national standards^d^In compliance with permissible limits for metals^b^

In TCLP test, the leached concentrations of Pb were 0.902 ± 0.01 mg/L (FA), 0.673 ± 0.01 mg/L (BA), and 1.026 ± 0.01 mg/L (FA + BA). The leached Zn concentrations were 0.216 ± 0.01 mg/L (FA), 0.149 ± 0.00 mg/L (BA), and 0.196 ± 0.02 mg/L (FA + BA). The leached Cu concentrations were 0.028 ± 0.00 mg/L (FA), 0.272 ± 0.00 mg/L (BA), and 0.033 ± 0.00 mg/L (FA + BA). The leached As concentrations were 15.117 ± 0.23 mg/L (FA), 14.655 ± 0.29 mg/L (BA), and 18.546 ± 0.03 mg/L (FA + BA).

In SPLP test, the leached concentrations of Pb were 0.908 ± 0.00 mg/L (FA), 0.683 ± 0.01 mg/L (BA), and 1.012 ± 0.01 mg/L (FA + BA). The leached concentrations of Zn were 0.219 ± 0.00 mg/L (FA), 0.151 ± 0.00 mg/L (BA), and 0.189 ± 0.03 mg/L (FA + BA). The leached Cu concentrations were 0.030 ± 0.00 mg/L (FA), 0.028 ± 0.00 mg/L (BA), and 0.033 ± 0.00 mg/L (FA + BA). The leached As concentrations were 15.227 ± 0.11 mg/L (FA), 14.636 ± 0.07 mg/L (BA), and 18.605 ± 0.17 mg/L (FA + BA).

The H^+^ ion in aqueous acidic solution will remove the cations (heavy metals) from their binding sites (FA and BA) causing cations leaching due to the reduction of cation exchange capacity (CEC) [@bib0009]. Cation exchange capacity is a capacity of cations to be attached on matrix surfaces [@bib0010]. Therefore, concentration of heavy metals in the matrix system were found in both TCLP and SPLP tests.

The dataset on leaching properties of coal ashes presented is essentially important. Overall, the ranges of concentration in FA, BA and FA + BA for Pb complied with permissible limits for metals^ab^: Hazardous waste criteria^a^ (mg/L) and TCLP hazardous waste limits^b^ (mg/L). The ranges of concentration for As complied with permissible limits for metal^a^: Hazardous waste criteria^a^ (mg/L). The concentration for Zn and Cu complied with limit for industrial effluent (Standard A and Standard B) and national drinking water quality standards. The evaluation on leaching of heavy metals (Pb, Zn, Cu, and As) in FA, BA and FA + BA showed that As leached the most whilst indicating of possible contamination from As. The leached of heavy metals fluxes were Cu \< Zn \< Pb \< As. Nevertheless, the leachability of mixed samples of FA+BA was found to be higher than those of pure FA or BA in case of Pb, Cu and As. Therefore, the mixed of these samples may expose threat to the environment. Further investigation to understand the physico-chemical and leaching properties of mixed samples are highly recommended.

2. Experimental design, materials, and methods {#sec0002}
==============================================

The leaching properties of coal ashes (FA, BA, and FA + BA, 1:1, v/v of dry weight) was determined via two USEPA standard procedures namely toxicity characteristic leaching procedure (TCLP) and synthetic precipitation leaching procedure (SPLP) \[[@bib0011],[@bib0012]\].

The TCLP is to determine the leaching properties of organic and inorganic substance in liquid, solid and multiphase wastes simulating landfill leachate (Method 1311) [@bib0011]. Two extraction fluid namely extraction fluid No.1 (5.7 mL glacial acetic acid (CH~3~CH~2~OOH) in 500 mL of deionized water, additional of 64.3 mL of 1 M sodium hydroxide (NaOH) and diluted to 1 L, pH: 4.93 ± 0.05) and extraction fluid No. 2 (5.7 mL CH~3~CH~2~OOH diluted to 1 L with deionized water, pH: 2.88 ± 0.05) were used.

The sample ratio to extraction fluid was equivalent to 1:20 (v/v). Samples (5.0 g of each FA, BA and FA + BA) were transferred into a 500 mL Erlenmeyer flask containing 96.5 mL of deionized water and stirred for 5 min. The extraction fluid No. 1 would be added if observed pH was below 5. If the pH was more than 5.0, 3.5 mL 1N HCl would be added. Next, the solutions were heated to 50 °C for 10 min, left to room temperature with agitation at 30 rpm for 18 h.

The synthetic precipitation leaching procedure (SPLP) is to determine the leaching properties of organic and inorganic compounds in liquids, soils, and wastes simulating acid rain from airborne nitric and sulfuric oxides (Method 1312) [@bib0012]. Following the same procedure as TCLP, sulfuric acids were used in the extraction fluid instead of acetic acid (5.7 mL sulfuric acid (H~2~SO~4~) in 500 mL of deionized water, additional of 64.3 mL of 1 M sodium hydroxide (NaOH) and diluted to 1 L, pH: 4.20 ± 0.05).

The solutions (contained FA, BA and FA + BA) were filtered using glass fiber filters (0.7 μm) for Atomic Absorption Spectrometry analysis (SHIMADZU, AA-6800). The furnace method assisted with acethylene gas was used for Pb, Cu, and Zn quantification. The graphite method assisted with acethylene gas was used for As quantification.
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